A quantitative immunofluorescence assay based on fiber optic microscopy was used to measure the reaction of formalized spores of Bacillus anthracis and Bacillus cereus isolates with fluorescein conjugates prepared by hyperimmunization with B. anthracis Vollum spores. The spores of 11 of the 20 B. cereus strains reacted with the anti-anthrax conjugate to such an extent that they were indistinguishable from the spores of the several B. anthracis isolates tested. However, absorption of the conjugate with spores of B. cereus NCTC 8035 and B. cereus NCTC 10320 greatly reduced the cross-reaction with the B. cereus preparations so that the mean specific fluorescence of samples of B. cereus spores was in no case higher than 14% of the fluorescence of a reference B. anthracis Vollum preparation.
cessfully screened against 71 B. cereus strains, also unnamed. However, other investigators have reported cross-reactions which could not be removed by absorption. Thus, one of the first groups to report the use of IF to demonstrate B. anthracis vegetative forms in postmortem tissue found in the in vitro studies of their fluorescent conjugate that only five out of nine of the B. cereus cross-reactions could be selectively removed (3).
There are indications that spore antigens could be more useful than vegetative cell antigens for species identification within the genus Bacillus (8, 13) . However, reported attempts to identify anthrax by means of the spore antigens have been disappointing. Lamanna and Eisler (5) tested an impressive number of sera to a range of B. anthracis and B. cereus strains by a spore agglutination method but were unable to remove the cross-reaction with heterologous antibody shown by the majority of the strains. Fluck et al. (4) reported major reactions between anti-anthrax spore conjugates and five B. cereus strains, again refractory to selective absorption.
It is not uncommon in IF tests to have to distinguish between the homologous reaction and a relatively large degree of cross-reaction with heterologous organisms, and the classical approach of subjective microscopy is then most unsatisfactory. In the IF study of B. anthracis and B. cereus relationships, more accurate quantitation of fluorescence intensity is clearly desirable. An inexpensive fiber optic modification of a standard fluorescence microscope has recently been evaluated in our laboratory in quantitative IF tests for Bacillus spores (9) , and this paper describes the application of the tech- (9) .
To grow vegetative cells, a seed stock was incubated in 10 ml of peptone broth at 37°C for 24 h. A 2-ml sample of this culture was then inoculated into 300 ml of peptone broth and incubated for a further 24 h. Formaldehyde at a concentration of 1% (vol/vol) was added, and the preparation was left at 4°C over the weekend. The cells were checked for sterility, washed by centrifugation, and used at working dilutions of 106 cells ml-' as described for spores.
Antibody preparations. Hyperimmune rabbit antiserum to formalized B. anthracis Vollum spores was produced as described previously (A. P. Phillips and K. L. Martin, J. Appi. Bacteriol., in press). Immunoglobulin G was prepared from serum by sodium sulfate precipitation and DEAE-cellulose chromatography and was conjugated with fluorescein as previously described (9) . Antibody reagents were stored frozen (9) . When required, they were diluted in normal serum buffer, filtered through 0.22-,um membrane filters (Millipore Corp., Bedford, Mass.), and used for up to a week when stored at 4°C. Two fluorescein conjugates are described in this communication: F51, which has a ratio of fluorescein to protein of 16 ,ug mg-', and F67, with fluorescein-to-protein ratio of 17 ,ug mg-' (12) .
Absorption of fluorescein conjugate with heterologous spores. A 1-ml suspension of 3 x 109 spores of B. cereus NCTC 8035 (preparation 63) and B. cereus NCTC 10320 (preparation 214) was sedimented by centrifugation for 10 min in an Eppendorf centrifuge (model 5412; gmax, 10,000 x g). The pellet was resuspended in 1 ml of F67 conjugate at a concentration of 1 mg ml-' in normal serum buffer. The mixture was incubated for 1 h at 37°C (inverted occasionally) and then was left overnight at 4°C. The spores were then removed by centrifugation for 10 min, and the supernatant was dispensed into aliquots and frozen until use.
IF reaction. Bacteria heat fixed on multispot microscope slides were stained with fluorescein conjugate at a concentration of 100 ,ug ml-' in normal serum buffer as previously described (9) . Autofluorescence controls were performed by incubating bacteria with normal serum buffer instead of with antibody. Test and autofluorescence wells were assayed in triplicate unless otherwise specified.
Microfluorometry. The microfluorometer consisted essentially of a Vickers M41 Photoplan fitted with incident illumination and an x 100 magnification objective, a Gamma Scientific 700-10-34A fiber optic eyepiece, a photomultiplier, and an analog-to-digital converter and teletype unit. The method of use already described (9) was modified as follows. The standard employed before and after each bacterial well was uranyl glass, the stage vernier being used to locate a particular region with recognizable features on the surface of the uranyl glass. Paired measurements of bacteria and background were made thus: immediately after measuring a bacterium, a single set of three or four background readings was recorded at a site near the bacterium which did not contain any visible fluorescent material. Unless specified otherwise, 15 bacteria were measured on each well. anthracis Vollum 81 referred to above, the CVs of the three normalized well mean signals in each set ranged between 0.9 and 23%, with a mean of 9.9 + 6.5%. However, the poor day-to-day precision is evident when the normalized well mean signals are treated as a single population. Then, the CV is seen to be as high as 23%.
The RF of different spore preparations was far less variable from day to day than were the Fwell mean or the derivative SF values (Table 3) .
Because of the good reproducibility of RF data, the reaction of the various B. anthracis and B. cereus isolates with anti-anthrax conjugates was determined as the fluorescence relative to that of Vollum 81 included in each experiment.
Selective absorption with B. anthracis vegetative cells. As far as could be judged, the fluorescein conjugates stained vegetative cells of B. anthracis Vollum evenly over their surfaces, and the fiber optic probe was placed approximately midway along a vegetative cell to make a measurement. The spores and vegetative cells of B. anthracis Vollum gave broadly similar SF values. That separate populations of antibodies were involved in staining the two types of cell is suggested by the finding that absorption with a vegetative cell preparation caused preferential loss of anti-vegetative cell activity. The results of a typical absorption experiment are given in Table 4 . As can be seen, the number of vegetative cells needed to remove completely the antivegetative cell activity also caused about 50% diminution in the spore signal. The F signals on each well in the triplicate set were normalized with respect to the uranyl glass standard and then were combined.
isolates with this absorbed conjugate and with the original reagent are shown in There can be no doubt that the populations of spores present in these B. cereus samples could be distinguished from the B. anthracis populations by staining with the absorbed F67 conjugate. For only one of the B. cereus growths did the breadth of distribution of fluorescence signals on individual wells stained with the absorbed conjugate indicate the existence of marked antigenic variation. Figure 1 shows the fluorescence signals for this particular B. cereus NCTC 8035 preparation (preparation 14), which, although no more varied than Vollum 81 when stained with unabsorbed conjugate, had a minority of spores which still showed fairly high fluorescence values when allowed to react with the absorbed conjugate. DISCUSSION
In this study, the fluorescent conjugates prepared by immunizing with washed preparations of formalized spores reacted well with both the spore and vegetative forms of the homologous strain. From the fact that antispore activity could be removed by absorption with washed vegetative preparations, it must be assumed either that some of the antibodies specific for internal or surface vegetative cell antigens crossreact with spore-surface antigens or that the vegetative cell preparations are contaminated with spore antigens. Conclusive evidence may have to await monoclonal antibodies to B. anthracis.
The results obtained with the unabsorbed conjugate and with conjugate absorbed with B. cereus spores indicate that, although there is a great deal of antigenic overlap between formalized spores of B. anthracis and B. cereus, there are some spore antigens that are unique to B. anthracis. This result could have practical significance in the design of serological reagents for the routine identification of anthrax spores. Additionally, it could constitute a starting point in a detailed investigation of the serological relationship between B. anthracis and nonanthrax Bacillus spores.
One of the potential advantages of IF over some other serological methods (e.g., agglutination) lies in its ability to detect antigenic heterogeneity among bacterial populations. Unfortunately, manual microfluorometric techniques are too slow to detect minor serological variants readily. In the present study only one spore preparation, a growth of B. cereus NCTC 8035, showed any evidence of a serologically distinct minority. Detection of such variation with any sensitivity can only be expected from relatively expensive techniques, such as flow cytophotometry, that allow much greater numbers of bacteria to be measured.
It is inferred that at least two components contribute to the variability between wells in this microfluorometric assay. The variation within each experiment is presumably due to the influence of an artifact on the antibody-antigen reaction, and groups on the glass surface may be responsible (9; Phillips and Martin, in press). But when SF results are compared in repeated experiments, it seems that an additional factor operates which causes much greater variation. The finding that the derivative RF values were far less varied than SF on a day-to-day basis is evidence of the operation of a variable factor which influences all the assays within an experiment. The most likely candidate is the amount of antibody activity. In the earlier work with a variety of anti-Bacillus spp. conjugates, there was no obvious connection between the fluorescence signal and the number of days the antibody solution had been stored at 4°C before use (9; Phillips and Martin, in press). However, the present interexperiment precision suggests the need for a more careful examination of the stability of the fluorescein conjugates, and one of the possibilities that should be considered is whether the immunoglobulin G molecules aggregate on storage (6) .
